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Abstract: During bioleaching, different types of mixed bacteria interact and cooperate with each other to improve their
metabolic activities and increase the metal extracting rate. The synergy types of microorganisms, such as the synergy of
iron-oxidizing bacteria and sulfur-oxidizing bacteria, the synergy of autotrophic bacteria and heterotrophic bacteria, the
synergy of adsorbed bacteria and free bacteria and the synergy of mesophilic bacteria and thermophilic bacteria and the

mechanism of their interactions were reviewed. And the synergy and mineral dissolution ways during bioleaching were

discussed, the research methods of the synergy and the roles of important metabolites were discussed.
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Fig. 1 Comparison of expression ratio of iron oxidation-
related genes of A. ferrooxidans in pure culture and its

co-culture with Aph. Acidophilum at 32nd h*”
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Fig. 2 Comparison of expression ratio of cbb genes of
A. ferrooxidans in pure culture and its co-culture with

Aph. Acidophilum at 72nd h*!
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B, K ARDRA (1) 772035 i FE A7 A
R R AR L DL AT 1 T VR 5¢. il DNA $¢
. 16SrDNA JE[A PCR 448 4%, HALSE— R
ARG, BIRREES] 51 ANFIE e T, 2l V)5 70,



3010 A G A R

2013 4£ 10 H
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N BEARAH DS L R 33 AN, il s E A R B 5L
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A PEREUEAT e M E A, T LR T AREAN
[l Tl A= ik 5 5 TR N R ROR
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W
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FLBR M ILTR], TR RIS 1, F T B R g
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15, FEANBRPRG B RS . (5 BT Bras Ik as 7 i
HEZMEH . EPS MR Ay, FEAFEL R,
AR &R IR, PR, HIRANRESYIRSy
DR R A RN AN IR AN [ 2021 L dn S A6 Ak
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ANE Y. AU B Fe* i 4. ferrooxidans () EPS
SRR R A Fe', ARG A ferrooxidans (1)
EPS P HI% A B R A Fe''.
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Fig. 4 AFM images of attached microorganisms on surface of slices of pure chalcopyrite®®: (a) Bioleaching for 1 d; (b) Bioleaching

for 4 d; (c) Bioleaching for 10 d
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CUQS+F€2(SO4)3:CUSO4+CUS+2F€SO4 (3)
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MR TR AL 2 A R B, 7 Cu,S AT CuS
I — RN =4, Horh— 28 B AR i 4
A 2 AR B HA AN SR A AR i R
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BT, TR TR S (R R A RN 3 R () B)) g 2
W LR /b

2) BEHIH(CusFeSy)

BRI = T IR SE AT T, WS BRI LA
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ZNERZ —, EESMAES ARG, %
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P P s R (v S S N R T 7/ T oW A R T
CU5F€S4 +3H20—>CU5S4+F€(OH)3+3H++3€ (7)
CusS4+2xH20—>Cu5_xS4+xCu(OH)2+3xH++3xe (®)

3) 4l i (CuS)

S PR R R, B R
66%. EEE TR AT A & T, S
WA, AR E . ACRIER
1 5 W S R AT BV, RS 1 R AL AT
SV (9)FR 7R
CuS+Fe,(S04); =CuS0,+S+2FeSO, )

R AR R, B RN AR SR
AT R IR P4 . SCRRARIED Y, S A
HAb AR R, i 0.4~0.5 V IR, BEHAT H
WK 257 A — R R W) i, 455 SEM-EDX 73T,

XJZY) T B
223 JRAGRALE LRV iR

PN (CuFeSy) s E B R ALY, & —FhE
T B8, 20 T 70% AT B, A4
MR TR IR IR gt K a4, SRR
TRETBONER 1 SO, “UAS TG b e, Ji4b, i
I T8 FAS R4 A 2l A 3048 AATT IR 4 3408 RO
Peo A IR s TR IR B
I, FERRIEA U AT AR AL R N
PR, EHEAE RN . EHEAEH . AR
FH 43 5 mr s R 2K (10)RI(1 )RR«

CuFeS,+0,+4H"™=Cu*"+Fe*"+2S"+2H,0 (10)

CuFeS,+4Fe’" =Cu*"+5Fe**+28" (11)

b, FEMBEVE R An s Ve U A Fe LA
KA T, o] DU RO 2R(12) FI(13) K K s
4Fe*'+4H'+0,=4Fe’"+2H,0 (12)
S°+3/20,+H,0=H,S0, (13)

SRR A, SR (R R AR R s b — 2D
B, TR 2 BT, WA R AR
8] 774 EHA CuS. Cu,S. Cu,S(1<x<2)Fll CuS,(2<
n<8)%,

WO R R S — DR ik, HER SR
By Cu-S =i BAREH A ANTE R, JEH A
Ay i R, RMEERE XRD ok EDX 25 FBE R
A AR E] Cu-S PRI . IXATREA A5
B 1) sHn A il fEd, Cu-S Ha=#i e
D, BT XRD 5% EDX 0 Hel; 2) A2k
(1) Cu-S T [a] =44 D AR ME S5 B E A R 5%
(i £

ACRES %P SR H RS i XPS (8715058 3
WA B R - I SRS . 4 IRENT: K
P th(fE pH=1.0 ERIRTR W 2 h)J5, B
TEESH S $°. S0, 8,7 (2<n<<®). Hrps,>
Q<n<V®)E—FZRKENY, AN T LART A5
B4 BB Cu,S(1<x<2)o Cu, S(1 <x<2) i &
FE=2~1 Z A4k, 10 S, 2<n<8)MMNEAH-1~0 Z
AR AAN, [FLARS XPS 5D AR ST XRD 72
—FEANBERIN 2 Cu, S(1<x<2)VRHIAAAE, XK 3
R A R AR AR 1l Cu, S(1T<x<2)P

NAVA 289 L EE %:P%p) 1% PARKER %507 %} #%
WA R AR T 2P R 7. A AT Ak
S SIIG  R I B AR K A PR AT 1) AR
£ 400~600 mV(vs Ag/AgCl), AT 2218 ik L ik
CuiFei,So.(v >x); 2) fEHLAL 600~700 mV (vs
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Ag/AgCl) X 8], BCHT AT (¥ I 2k 2D SR m e, 5 Ak
CuFe Sy, (r>x, s>y, s> )it B BER I 5E K
AT AL A CusS.

ER PR, BT REIE R RO i
AR AL B R P i AT A AT X e i
12, ERHHENR CuFe Sy (y>x) R T
18, e SR S A PR RTYIA R BR . AR B
SERUR » PN SRR B 1 B R S 7 R AR )R I
TERBEALRE, TR R S o AEfb i i,
B R A AR B A AR i rh, ARSI
ZAE NI AT ARSI A R IR . b, v R
TEB M EH, PP PERA TR, MY
D TR I RIA R B T RRIR AT A (R AR
LA A5 A< B A B

3 Z45iE

FEEDRR AR GE T, 3P S A TLIEE A
RS WORT R PR e A T2 (RN 5 LKA ELAE Ly
o TRAT B AE S LB T PP REAN BE SE AN fiE
RS A, PR A F AN S) . MR
o4 R VR AR A o TR IV FH R A I it
G5O SR LA ST IR ) 2 T BOM R e AT
TEEREP I EIR R Ak . RS UL A
ZIa A ST W A AR TS,
V] RS D A 0 O TR P BLARY B 2% P 2B 2R . 2T
ATIE P B Sl E IR LA A 45 ) LA 25 4
AR R . AR, PR N RR
AR, AR SN, W SN HIAR R SR
A SR N T L R N A o T ELR AT AR TR AR
SRZPNRSE S pH BRI BTHRIREE L R &
TR LR AN R 52 o T DAL ARSE 22 4 T A M S
LR X SSEA ), 3T BRI L AR O
L HRANHRER.
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